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Abstract 
A study on the effect of stocking density on growth and survival of nona tengra (Mystus 
gulio) was carried out in brackishwater earthen nursery ponds (2 decimal each) for a 
period of 42 days. Five-day old captive bred tengra post-larvae (ABL: 4.53±0.83 mm and 
ABW: 3.33 mg) were stocked at four different densities of 200/m 2 (Treatment-I), 250/m2 
(Treatment-2), 350/m2 (Treatment-3) and 450/m2 (Treatment-4). Fries were fed twice a 
day with a mixture of fine rice bran, mustard oil cake and fishmeal at the ratio of 2:1:1. 
The specific growth rate (SGR) of larvae did not vary significantly (p>0.05) between Tl 
(5.096% mg/day) and T2 (5.08% mg/day), but it was found significantly (p<0.05) 
higher from T3 (4.98% mg/day) and T4 (4.91 % mg/day), respectively. The final survival 
rates of 89.25±5.41 % in Tl and 88.72±6.09% in T2 were found similar (p>0.05), but 
significantly higher (p<0.05) than those of, 76.20±4.77% in T3 and 70.34±5.71 % in T4. 
The results indicate that 5-day old hatchery bred nona tengra post-larvae can be nursed 
in earthen pond at a stocking density of 200-250/m2• 
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Introduction 
Mystus gulio, locally known as nona tengra, is a euryhaline estuarine catfish commonly 
occurring in coastal waters of Bangladesh. This species is supporting the coastal 
fisheries to a great extent, both in point of commercial and local consumption views. 
This fish has also a demand in the export market. Up to now, this species is being 
caught from natural coastal waters throughout the year, with an abundance in monsoon 
period. M. gulio has also been trapped and grown as a significant additional harvest in 
most of the traditional coastal shrimp ghers. However, like many of fish species, 
abundance of M. gulio in natural coastal waters and its supply as well have been 
declining over the period, particularly due to overexploitation and habitat destruction. 
Concern over declining harvests and an obvious reduction of M. gulio in coastal fisheries 
biodiversity have led to develop its induced breeding technique (Alam et al. 2006), 
which has paved the way .of establishing and expansion of aquaculture of the species. 
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Expansion of aquaculture of any fish species is greatly dependent on its ensured 
supply of seed for grow-out ponds. Successful controlled method of mass seed 
production includes the rearing of larvae at yolk sac stage and at stage after dissolving 
the yolk sac. The later part of nursing the larvae seems very sensitive, as they pass 
through a critical period of switching over from planktonic feed to other feeds and also 
need to adjust with new environment from hatchery to pond-nursery. After the yolk sac 
absorption, M. gulio larvae have been found to grow and survive well in hatching tank up 
to 2-3 days with boiled chicken egg yolk, but there has been a severe cannibalism 
afterwards (Alam et al. 2006). Shifting the post-larvae at this stage in pre-prepared 
earthen nursery ponds might have been a remedial measure of reducing cannibalism 
through providing them with larger space and natural food. Apart of that, short-term 
rearing of post-larvae in nursery ponds is a prerequisite to ensure the predictable supply 
of quality fry for stocking in grow-out ponds. 
Under natural conditions the growth and survival of fish is in part dependent on the 
population density, however, there may be no relation between food abundance and 
growth when a space-limiting effect operates on the population (Backiel and Le Cren 
1978). Such a situation tends to occur in intensive fish seed production practices, where 
the larvae are confined to restricted space. Though a few works have been done on 
biology (Kaliyamurthy 1981, Sarker et al. 2002) and induced spawning (Mijkherjee et al. 
2002, Alam et al. 2006) of lvf. gulio, no information are so far available on mass-scale 
production of fry of this species at nursery phase in earthen pond conditions. Following 
the success of captive breeding of i\rf. gulio for the first time in Bangladesh (Alam et al. 
2006) and keeping the general relations among population density, space and food in 
aquaculture ((Backiel and Le Cren 1978), attempts have been made for development of 
mass-scale production practice of M. gulio fry prior to stocking in grow-out ponds. The 
present study presents the growth and production effects of stocking the hatchery reared 
M. gulio pas-larvae at different densities in earthen nursery ponds. 
Materials and methods 
The experiment was conducted in twelve earthen ponds at the Bangladesh Fisheries 
Research Institute (BFRI), Brackishwater Station, Paikgacha, Khulna from the period 
of July~August 2007. Twelve ponds having an area of 2 decimal each were prepared 
through sun drying and liming the bottom soil with agricultural lime @ 250 kg/ha and 
mustard oil cake @ 500 kg/ha. The ponds were filled in with brackishwater (;:::;5 ppt) up 
to a depth of 80 cm and inorganic fertilizers of TSP and urea were applied @ 35 kg/h 
with 3:1 ratio. 
After 5 days of fertilization, nona tengra (M. gulio) post-larvae (ABW: 3.33 mg, ABL: 
4.53±0.83 mm), were stocked in the ponds following different stocking densities of (i) 
200 larvae/m2 (Treatment-I), (ii) 250 larvae/m2 (Treatment-2), (iii) 350 larvae /m2 
(Treatment-3) and (iv) 450 larvae /m2 (Treatment-4). Each treatment had three 
replications and those were assigned into a completely randomized design. Prior to 
stocking, fish larvae were acclimatized for about 15 minutes. 
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The fish larvae were fed twice a day @ 100% of the biomass, with a mixture of 
finely powdered rice bran, mustard oil cake and fishmeal at the ratio of 2:1:1 during the 
first week of the stocking. Supplemental feed amount was decreased gradually @ 50%, 
25% and 15% of the biomass in the consecutive 2nct, 3rd and 4th week onwards 
respectively. Growth performance of fish larvae in respect of total body length (BL), 
body weight (BW) was recorded weekly by dragging a hapa in the po11d. Physico-
chemical variables of pond water, viz., temperature, transparency, salinity, pH, and 
dissolved oxygen were also monitored weekly following the standard measurement 
procedures (APHA 1992). 
For the estimation of plankton abundance, twenty liters of water sample were 
collected from different areas and depths of each pond and passed through 25 ~l mesh 
plankton net. The collected plankton samples were preserved in 5% buffered formalin 
in small plastic bottles. The quantitative abundance of plankton was estimated, using a 
Sedgewick-Rafter counting cell, following the method and formula: 
N = (AxlOOOxC)/(VxFxL); 
where, 'N' is the number of plankton cells or units per litre of original water; 'A' is the 
total number of plankton counted, 'C' is the volume of final concentrate of the samples 
in ml; 'V' is the volume of a field in cubic mm; 'F' is the number of fields counted; and 
'L' is the volume of original water in litre (Stirling 1985). Plankton were identified 
following APHA (1992) and Bellinger (1992). The mean number of plankton was 
recorded and expressed numerically per litre of water. Triplicate sediment samples of 
bottom sediment were collected weekly from each pond with the help of an Ekman 
dredge (covering an area of 225 cm2) to estimate the quantitative abundance of benthic 
organisms. 
After 42 days of rearing, fingerling were harvested by repeated netting and finally 
by draining out the pond water. Growth (final length and weight), specific growth rate 
(SGR), survival rate and net length and weight gain were estimated at harvest. ANOVA 
was done to observe any difference in growth parameters of nona tengra and Duncan's 
New Multiple Range Test (DNMRT) was also employed for further analysis of the 
results. 
Results and discussion 
Water quality variables 
Although the fish species are generally found in derelict or swampy waters and 
known to be very hardy, their culture in clean water results in higher yields due to the 
absence of a stress factor on their metabolism enabling a faster rate of growth (Tripathi 
1996). Mean values of different water quality parameters are shown in Table 1. There 
was no significant difference (P>0.05) in any of the variables among the treatments. 
Water temperature was found to follow the trend of air temperature and almost similar 
in all pond waters throughout the experimental period. The variations in pH in the 
present experiment fall well within the suitable range of 7.0~8.5 for higher fish 
production (Banerjea 1967, Boyd 1982). Nursery ponds' water salinity varied from 2-7 
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ppt. The species feed and thrive well in low salinity and when salinity exceeds 10 ppt 
they migrates in to waters of low salinity (Pandian 1966). The observation of Grag and 
Batnagar (2000) on high alkalinity, as ranged from 134 ± 7.2~ 178 ± 2.94 mg/I supports 
the findings of the present experiment. The DO levels of 6.02~6.53 mg/I in pond waters 
under different stocking density treatments.were above the minimal values or within the 
acceptable range, as reported by other authors (Kohinoor et al. 1998, Sarker et al. 2002, 
Grag and Bhatnagar 2000) in fish culture. The average concentrations of P04-P and 
NOrN of the present experiment are almost similar to the nutrient levels recorded by 
various authors (Milstein et al. 1995, Grag and Bhatnagar 2000) in their experimental 
fish ponds. 
Mean variations in plankton and benthic organism production in pond waters 
under different stocking density treatments were found more or less similar i.e. not 
significantly difference at 5% level of significance, matching with the findings of Shah et 
al. (2008) in the brackishwater environment. 
Table 1. Mean SD) values of different water quality variables m ponds under different 
treatments 
Variables Treatment-1 Treatment-2 Treatment-3 Treatment-4 (200/m2) (250/m2) (350/m2) (450/m2) 
Temperature ( 25.45±2.81 25.64±2.98 25.28±2.99 25.30±2.75 
Transparency (cm) 36.25 ±3.75 36.75 ±3.88 36.00 ±3.63 37.38 ±4.41 
pH 8.32 ±0.19 8.35 ±0.17 8.29 ±0.15 8.30 ±0.24 
Salinity (ppt) 4.32 ±2.82 4.38 ±2.92 4.25 ±2.96 4.23 ±2.13 
DO (ppm) 6.43 ±1.13 6.53 ±1.02 6.02±1.41 6.33 ±1.81 
Alkalinity (mg/l) 165.23 ±8.75 163.13 ±9.75 172.50 ±7.15 169.38 ±8.78 
No3-N (mg/l) 1.33 ±0.03 1.31 ±0.02 1.36 ±0.02 1.28 ±0.03 
Po~-p (mg/I) 1.13 ±0.03 1.18 ±0.03 1.15 ±0.04 1.08 ±0.05 
Phytoplankton 13.86±1.21 13.71±1.25 13. 1.21 12.86±1.57 (x 104 cells/I) 
Zoo plankton 21.86±4.63 21.57±3.60 21.29±2.06 21.14±3.67 (x 102 cells/I) 
Benthic organism 336.51 ±43.37 330.16±43.37 317.46±39.99 . 323.81 ±33.60 (cells/m2) 
Values for all water quality variables among the treatments are insignificant (p>0.05) 
Growth and production 
Growth and production values (mean±sd) of nona tengra under four different 
treatments are furnished in Table 2. The average final body weight of 460.02 54 mg 
in Tl and 453.61 ±4.320 mg in T2 were found significantly higher (p<0.05), than that of 
412.81±5.49 mg in T3 and 385.55±6.10 mg in T4. Similar to final body weight, the 
final body weight gain and the SGR were statistically similar (p>0.05) in Tl and T2, 
but significantly (p<0.05) higher than in T3 and T4. In case of final body length, Tl 
(31.15±1.62 mm) and T2 (29.25±0.35 mm) resulted in similar, but significantly higher 
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(P<O.OS) values compared to both T3 (2S.44±0.6S mm) and T4 (23.6±0.66 mm). 
However, T3 and T4 had no significant difference· (P>0.05). The lower final body 
weight in T4 and T3 might have been due to the higher total biomass compared to that 
of Tl and T2. It is interesting to note that, in spite of the variation in stocking density, 
the survival rate of fingerling was found statistically (P>O.OS) similar among all the 
treatments. It clearly indicates that maximum growth in weight was exhibited by the 
fish when stocking density was low; while growth rate decreased with higher stocking 
density, showing a direct correlation between stocking density and growth of fish. 
Hepher and Pruginin (1981) also stocked nursery ponds with spawn @ 0.5~ l.S 
million/ha. But Gupta (1981) recommended a stocking density of 4 million/ha, which is 
very much close to the present study. Tripathi (1975) reared spawns of rohu (Labeo 
rohita) and mrigal (Cirrhinus cirrhosus) for two months and obtained 32% survival with 
an average length of 70 mm and 6S mm respectively. Shigur (1974) recorded 71 % 
survival of carp spawn when stocked at 6.0-7.5 million/ha. Tripathi et al. (1979) 
stocked rohu spawn @ 1 million/ha and obtained an average survival of 80.73%. 
Shahbuddin et al. (1988) found the survival rate of rohu fry to be S2-73% after 21 days 
of rearing in earthen ponds. Okamoto's (1969) experiment on red sea bream (Pagrus 
major) suggested that stocking density played a major role in the survival of cultured 
larvae. Survival of this species to the juvenile stage usually exceeded S% when stocking 
density did not exceed 20/1, but decreased significantly at higher densities. African 
catfish (Clarias gariepinus, Burchell 1822) were cultured at four different densities of SO, 
100, ISO and 200 fish per cage (1 m3), respectively. Mean fish weights per cage were 
highest at the lowest density. Mean weights decreased with increasing density. Harvests 
and production estimates increased with increasing stocking density i.e., total harvest 
and production were directly related to stocking density (Hengsawat et al. 1997). 
Coulibaly et al. (2007) tested a 90-day experiment of African catfish (Heterobranchus 
longifilis) with five different stocking densities (SO, 100, 200, 500 and 1000 fish/m 3). The 
results showed that unlike final mean weight (Wf) and mean daily weight gain (Mdwg), 
weight variation coefficient (final Cv), cannibalism (Cr), mortality (Mr) and survival 
(Sr) were density dependent: best results of survival (68.0 ± l.S%) were recorded at the 
lowest density (SO fish/m3). Channel catfish were cultured for 177 days in circular tanks 
at combinations of five stocking densities (90-720 fish/m 3). Net yield increased as 
stocking density increased up to S40 fish/m3 then declined at higher densities. Mean 
fish weight, feed conversion efficiency and survival all declined as stocking density 
increased (Allen, 1974). From the above finding of different authors in different 
ecological zone distinctly indicate that the survival and growth of fish larvae is highly 
correlated with stocking density. In the present study, the survival rate of nona tengra 
was found density dependent and higher than any other author that reviewed above, so 
this fish is hardy and can tolerate more stress compared to others. There is an exception 
findings in case of fry of Arctic charr, Salvelinus alpinus (L.), reared at seven different 
stocking densities during the initial feeding period (Wallace et al. 1988). The 
populations held at densities of 2S and SO fry/I showed significantly slower growth and 
slightly higher mortality than the populations held at densities of 70-2SO fry/l. It would 
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appear that high population density affects young Arctic charr such that agonistic 
behaviour was inhibited and schooling behaviour stimulated. 
Table 2. Growth performance and survival (±SD) of Mystus gulio larvae for six weeks nursery 
rearing at different stocking densities 
Parameters Treatment-I Treatment-2 Treatment-3 Treatment-4 (200/m2) (250/m2) (350/m2) (450/m2) 
Initial weight(mg) 3.33 3.33 3.33 3.33 
Final weight (mg) 460.02±4.54" 453.61 ±4.32" 412.81 ±5.49b 385.55 ±6.1 oc 
Net weight gain (mg) 456.69n 450.27" 409.48b 382.21 c 
Initial length (mm) 4.53±0.83 4.53±0.83 4.53±0.83 4.53±0.83 
Final length (mm) 31.15±1.62" 29.25±0.35" 25.44± 0.65b 23.6±0.66b 
Net length gain (mm) 26.62n 24.72" 20.91 b l 9.07b 
Specific growth rate (% 5.10" 5.08n 4.98° 4.91 c 
mg/day) 
Survival rate(%) 89.25±5.41" 88.72±6.09" 76.20±4.77b 70.34±5.71 b 
Values in the same row with dissimilar superscripts are significantly different (p<0.05). 
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Fig. 1. The gain in length (mm± SE) of Mystus 
gulio fry in different treatments. 
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Fig .2. The gain in weight (mg±SE) of 
Mystus gulio fry in different treatments. 
Growth increment of nona tengra in respect to body length (BL) and body weight 
(BW), throughout the culture period is shown in Fig.I and Fig.2, respectively. The 
higher body length (BL) and body weight (BW) increment were found in Tl and T2, 
compared to that in T3 and T4 respectively, might be due to the lower stocking density. 
The specific growth rate (SGR % mg/day) was found statistically similar in case of Tl 
(5.10) and T2 (5.08) but significantly higher (p<0.05) than in T3 (4.98) and that 
obtained from T4 (4.91). From the above discussion it clearly indicates that the lower 
the stocking density the higher the growth performances in respect of both length and 
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weight. Hmvever, in between Tl and T2 it did not show any sharp differences as 
observed among the other three treatments. Though it was found slight better growth 
performance in Tl than in T2, but not statistically significant, it could be suggested to 
choose the stocking density up to 250/m2 to get a maximum yield maintaining abiotic 
factors for enhancement of the growth performance and survival rate of nona tengra 
post-larvae during nursing stage in earthen ponds. 
Stocking density is an important parameter which directly \:lffects the growth of fish 
and hence its production (Backiel and Le Cren 1978). The question of stocking density 
becomes increasingly important in developing methods of intensive culture of fish 
larvae. The harmful effects that higher stocking density have on the culture of fish are 
the reduction of growth and survival rates and an increase of food conversion ratio 
(Powell 1972). Catfish fetch a very high price in India and Bangladesh and also have a 
good world market. Besides marine black tiger shrimp (Penaeus monodon) and different 
brackishwater finfishes, one can easily visualize the possibilities of exporting NI. gulio 
for earning foreign exchange once their local production increases and a surplus is 
generated. Following the success in captive breeding of the species (Alam et al., 2006), 
findings of the present investigation indicate that mass scale seed production is possible 
at a density of 200-250/m2 for stocking grow-out ponds and increased supply in domestic 
and foreign market as well. 
References 
Alam, M.J., M. Begum, M.A. Islam and H.K. Pal, 2006. Induced spawning and fry production of 
Nona Tengra, Mystus gulio (Hamilton). Progress. Agric., 17(1): 235-238. 
Allen, KO., 1974. Effects of stocking density and water exchange rate on growth and survival of 
channel catfish lctalurus punctatus (Rafinesque) in circular tanks. Aquacult., 4:29-39. 
APHA, 1992. Standard Methods for the Examination of water and wastewater. American Public 
Health Association, Washington D.C. 20036. 874 pp. 
Backiel, T. and E.D. Cren, 1978. Some density relationship for fish population parameters. In: 
The Ecology of Freshwater Fish Production (ed. S.D. Gerking),. Blackwell Scientific 
Publications, Oxford. pp 279-302. 
Banerjea S.1\11., 1967. Water quality and soil condition of fish ponds in some states of India in 
relation to fish production. Indian]. Fish., 14(1&2): 115-144. · 
Bellinger, E.G., 1992. A Key to Common Algae. The Institute of Water and Environmental 
Management, London. 138 pp. 
Boyd, C.E., 1982. Water quality management for pond fish culture. Developments in Aquaculture 
and Fisheries Science, Vol. 9. 1'1 Edition. Elsevier Scientific Publishing Company, 
Amsterdam. Oxford, Newyork. 318 pp. 
Coulibaly, I.N. Ouattara, T. Kone, V. N'Douba, J. Snoeks, G. Goore Bi, E.P. Kouamelan, 2007. 
First results of floating cage culture of the African catfish Heterobranchus longifilis 
Valenciennes, 1840: Effect of stocking density on survival and growth rates. Aquacult., 263(1-
4): 61-67. 
Grag S.K. and A. Bhatnagar, 2000. Effect of fertilization frequency on pond productivity and fish 
biomass in still water ponds stocked with Cirrhinus mrigala (Ham.). Aquacult. Res., 31: 409-
414. 
185 
M. Begum et al. 
Gupta, M.V., 1981. Technical report of first phase of the Ngone Pilot Fish Farm Project. Lao 
PDR. Mekong Secretariat. Bangkok. 
Hengsawat, K., F.J. Ward, Pornchai Jaruratjamorn, 1997. The effect of stocking density on yield, 
growth and mortality of African catfish (Clarias gariepinus Burchell 1822) cultured in cages. 
Aquaculture, 152(1-4): 67-76 
Hepher, B., and Y. Pruginin, 1981. Commercial fish farming. Willy Interscience Publications, 201 
pp. 
Kaliyamurthy, M., 1981. Spawning biology of Mystus gulio in lake Pulicat, India. Indian]. Fish., 
8(1 & 2): 36-40. 
Kohinoor A.H.M., M.L. Islam, M.A. Wahab and S.H. Thilsted, 1998. Effect of mola 
(Amblypharyngodon mola Ham.) on the growth and production of carps in polyculture. 
Bangladesh]. Fish. Res., 2(2): 119-126. 
Mijkherjee, M., A. Praharaj and S. Das, 2002. Conservation of endangered fish stocks through 
artificial propagation and larval rearing technique in West Bengal, India. Aquacult. Asia, 7(2): 
8-11. 
Milstein A., A. Alkon, I. Karplus, M. Kochba and Y. Avnimelech, 1995. Combined effects of 
fertilization rate, manuring and feed pellet application on fish performance and water quality 
in polyculture ponds. Aquacult. Res., 26: 55-65. 
Okamoto, R., 1969. Rearing of red sea bream larvae. Bull. ]ap. Soc. Scient. Fish., 35: 562-566. 
Pandian, T.J ., 1966. Feeding and reproductive cycle of the fish Mystus gulio in the coo um 
backwaters, Madras. Indian]. Fish. 13(1-2): 322-333. 
Powell, M.R., 1972. Cage and raceway culture of striped bass in brackish water in Albama. Proc. 
26'". Ann. Conf Southeast Assoc. Game Fish. Comm., pp. 533-565. 
Sarker, SJ(., M. Chakraborty and RN. Das, 2002. Role of integrated use of cowdung and pelleted 
feed in production of Macrobrachium rosenbergii in freshwater ponds Indian]. Fish. 45(1): 61-
66. 
Shah, M.M.R., M.Y. Hossain, M. Begum, Z.A.F. Ahmed, J.Ohtomi, M.M. Rahman, M.J. Alam, 
M.A. Islam and B. Fulanda, 2008. Seasonal variations of phytoplankton community structure 
and production in relation to environmental factors of the South-West coastal waters of 
Bangladesh.]. Fish. Aquacult. Sci., 3(2): 102-113. 
Shahabuddin, M., M.V. Gupta and G. Barna, 1988. Effects of fertilizers on the growth and survival 
of rohu (Labeo rohita) spawn in nursery ponds. Bangladesh]. Fish., 11(1): 83-88. 
Shigur, G.A., 1974. A synoptic account of development of improved methods in fish nursery. 
management.]. Inlandjish. India, 6: 942-1005. 
Stirling, H.P., 1985. Chemical and Biological methods of water analysis for aquaculturists. 
Institute of Aquaculture, University of Stirling, Scotland. 119.pp 
Tripathi, S.D., 1975. Raising on fingerlings from spawn in nursery ponds.]. Inland Fish. Soc. 
India, 7: 137-141. 
Tripathi, S.D., A. Dutta, K.K. Sengupta and S. Pattra, 1979. High density rearing of rohu spawn 
in village ponds. In: Symposium of Inland aquaculture., (Abstracts) February 12-13, 1979. 
CIFRI. Barrackpore, pp 14. 
Tripathi, S.D. 1996. Present status of breeding and culture of catfishes in South Asia., Aquat. 
Living Resour. vol. 9, Hors strie, 219-228. 
Wallace, J.C., A.G. Kolbeinshavn, T.G. Reinsnes, 1988. The effects of stocking density on early 
growth in Arctic charr, Salvelinus alpinus (L.) Aquacult., 73(1-4): 101-110. 
(Manuscript received 16 September 2008) 
186 
